ABSTRACT Background: Most studies that assess the effects of breakfast on subsequent mental abilities compared performance in subjects who had or had not consumed this meal. However, characteristics of breakfast itself may induce metabolic and hormonal alterations of the gastrointestinal tract and potentially modify cognitive performance. Moreover, as far as the evidence on the positive effects of having breakfast is becoming more robust, interest may shift to the specific characteristics of an adequate breakfast. Objective: The objective was to summarize existing evidence on the role of nutrient composition or energy intake at breakfast on the accomplishment of school-related tasks and cognition. Design: We conducted a systematic review of the literature through the PubMed database. Results: From the literature search, we identified 102 articles, 15 of which met the inclusion criteria. Of these, 3 studies provided information on the relation between cognitive and academic performance and energy intake at breakfast, 11 provided the same information for the macronutrient composition of breakfast, and 1 investigated both the aspects. Eleven studies considered breakfast meals differing in glycemic index/load. Selected studies were generally carried out in well-nourished children and adults of both sexes from general education. They were mostly experimental studies of short duration and had a limited number of subjects. Cognitive and academic performance was investigated by looking at multiple domains, including memory, attention, reasoning, learning, and verbal and math abilities, with a variety of test batteries scheduled at different time points in the morning. Breakfast options differed in terms of included foods and place and time of administration. Conclusions: There is insufficient quantity and consistency among studies to draw firm conclusions. However, whereas the hypothesis of a better and more sustained performance with a breakfast providing .20% daily energy intake still needs substantiation, there does appear to be emerging, but still equivocal, evidence that a lower postprandial glycemic response is beneficial to cognitive performance.
INTRODUCTION
A good deal of research has investigated the importance of breakfast consumption for cognitive performance. In the past, much of this research has been undertaken in healthy young adults. More recently, interest increases in the understanding of the role of breakfast in groups who may be more vulnerable to nutritional deficiencies or cognitive impairment, including children and adolescents (1, 2) .
Cognitive and academic performance are affected by several determinants, including indicators of the quality of the school (such as facilities, teaching quality, and allocated teaching time), of family characteristics [such as socioeconomic status (SES) 4 , parents' educational level, and attitudes toward school], and of individual characteristics (such as aptitude, motivation, and behavior)-all of which have known interdependent effects (3) . Within this context, subject's health and nutritional status are extra determinants of interest and indicators of the performance themselves (4) . Research has been focused on disentangling the role of these factors (5) . In particular, experiments conducted between 1930 and 1980 offered preliminary evidence that not having breakfast could negatively influence school performance (6) . Although these early experiments had many weaknesses, results of more recent studies have supported the hypothesis that breakfast intake can modulate school-related and cognitive tasks, in general (7) (8) (9) .
Most studies that have assessed the effects of breakfast on subsequent mental abilities and mood have simply compared performance in subjects who have or have not consumed this meal, although characteristics of breakfast itself (nutrient quality/ composition, size and amount of energy intake provided, and time of consumption) may induce metabolic and hormonal alterations of the gastrointestinal tract and potentially modify the neurohormonal milieu and, therefore, cognitive and academic performance (7, (10) (11) (12) . In particular, the macronutrient composition of the meal per se may be important with respect to both performance efficiency and mood: specific foods and nutrient combinations (eg, carbohydrate and protein) may influence blood glucose and insulin concentrations, acting on brain neurotransmitter synthesis (13) . Similarly, the energy load of the breakfast meal alone is also likely to play a moderating role in the disposal of energy and neurotransmitter bioavailability, especially in short-term mental processes (7) .
The aim of the current systematic review was to collect existing evidence on the role of nutrient composition or energy intake at breakfast, in absolute or relative terms, on the accomplishment of school-related tasks and cognition. Although there is still debate on the role of breakfast as a determinant or as a short-term indicator of cognitive performance, these issues may have important fallouts in the definition of public health guidelines, maximizing the potential benefits of breakfast consumption for the overall population, and in the assessment of the nutritional, educational, and economic value of school breakfast programs already carried out in many developing and developed countries (14) .
MATERIALS AND METHODS

Literature search strategy
We carried out a systematic search through MEDLINE via PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) to identify all the articles on the relation between cognitive, academic, and school performance and breakfast composition and energy intake published in English up to 22 November 2013 based on the following string (breakfast OR "breakfast composition" OR "daily meal distribution") & ("energy intake" OR "energy contribution" OR "energy expenditure" OR quality OR energy OR skipping OR "glycemic index") & ("intellectual performance" OR "neuro-performance" OR "mental performance" OR "cognitive performance" OR "academic performance" OR "school performance" OR performance)," following the guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) group (15) . Two authors (VR and VE) independently selected the articles and retrieved and assessed the potentially relevant ones. The reference lists of the identified articles and of other systematic reviews focusing on similar topics were also scanned. Discrepancies in article selection were resolved by involving a third researcher (CA).
Inclusion and exclusion criteria
Articles were included or excluded according to the following criteria.
Participants
Studies of children and adolescents or adults of either sex were included. We excluded studies based on subjects with acquired metabolic disorders (such as hyperlipidemia or type 2 diabetes).
Breakfast definition
Breakfast was defined according to the descriptions of the meals or foods consumed provided in the articles reviewed. These varied but generally considered breakfast as the first food or meal consumed through the day, although some interventions did not provide explicit control for previous intakes. Studies providing a comparison of different breakfast types were included. Studies that compared breakfast and "no breakfast" options were excluded, unless when several breakfast treatments with specified energy or composition were simultaneously available and were compared one with the other. Studies were included regardless of the content of the meal (eg, drinks or cereal bars). However, we excluded those studies in which breakfast interventions differed by the presence or absence of coffee only. Studies that assessed the effects of glucose-based or emulsion-based manipulations (including foam-like vanilla creams, gelatins resembling milkshakes in consistency, and spoonable creams) were excluded. Studies that considered intakes at other mealtimes were excluded, except when there was a clear indication of the separate effect of different breakfast options during the morning.
Outcome measures
Studies referring to any standardized outcome measure of cognitive, academic (school grades and standardized achievement tests), and school (enrollment, attendance, achievement, inclass behavior and behavior at school, and school dropout) performance in general were included. Studies based on teachers' subjective ratings of performance or that relied only on qualitative measures of cognitive performance were excluded. Studies that examined fatigue or physical endurance only were excluded. Acute (= performance assessed within 12 h of breakfast consumption) and habitual effects of breakfast manipulations (typically, through school breakfast programs) were included. When available, we included the name of the performed test, together with the corresponding psychological construct assessed. Otherwise, we just indicated the specific neurocognitive construct.
Exposure measures
Energy intake at breakfast. Studies providing quantitative estimates of total energy intake at breakfast for different breakfast treatments, including absolute intakes of total energy or percentages of daily energy intake provided by breakfast, were included. Studies based on standardized breakfast options with a fixed quantitative estimate of energy intake, were excluded. Survey studies showing specific dietary patterns of subpopulations of interest (eg, subjects of a defined ethnic origin), were not included. Information on energy intake at breakfast was consistently expressed in kilocalories throughout the article.
Breakfast composition. Studies that provided quantitative estimates of the macronutrient composition of different breakfast options were included. This included those breakfast meals standardized for energy supply. When the authors declared in the articles that the available breakfast options were isoenergetic or similar in energy content, we reported this information in the tables. When the difference in energy content between treatments was .10% and there was the possibility to distinguish the energy content associated with each effect in the statistical models, we included the corresponding article in the analysis concerning energy intake at breakfast. We excluded from the review all surveys describing the macronutrient composition of breakfast for selected subpopulations of interest. We also excluded those studies that assessed the relation between cognition and the interaction between macronutrient composition of the breakfast and glucose tolerance, because there was no possibility to assess the separate effect of breakfast composition.
Association between exposure and outcome measures
Studies providing information on any form of relation between cognitive and academic performance and breakfast composition or energy intake at breakfast were included. This included results derived from different statistical approaches, including simpler tests and CIs, correlation analysis, multiple regression models, and multivariate repeated-measures ANOVA. We excluded studies providing only histogram-like representations, with means and SDs (or SEs) superimposed, to distinguish the differential effect of the available breakfast meals. Finally, we chose not to exclude studies on the basis of their quality, because of their limited number and the huge variation in the adequacy of descriptions provided.
Data extraction
Quantitative and qualitative data were extracted from each of the studies selected for in-depth review by 2 independent researchers (VR and VE); any discrepancies were resolved after consultation with a third author (CA) to maintain consistency. Information extracted included the following: 1) general characteristics of the studies (first author and year of publication of the article, country, sponsorship, number and age of the participants, percentage of males and females, inclusion and exclusion criteria, and study location); 2) design and characteristics of the intervention and presence of any school program in support of it (type of design, randomization, counterbalancing and crossover details, and when available the number of days of observation and schedule, information on the dinner the night before and on explicitly stated overnight fast, and schedule of the breakfast); 3) definition of breakfast: list of the available breakfast options and corresponding details on absolute and relative values of energy intake and on the macronutrient composition of the different treatment options; 4) definition of the outcome according to the different standardized tests used in the article and information on how and when performance was assessed with respect to breakfast (in the standardized time unit of minutes); and 5) main results on the association between breakfast characteristics and cognitive and academic performance (corresponding to those statistical models adjusted for all the available confounders, if models were fitted).
RESULTS
From the literature search of PubMed database, we identified 102 articles, of which 83 remained when we limited our search to humans and to the English language. Their full texts were retrieved for detailed evaluation. After the exclusion of 12 review articles, 62 original research articles were also excluded because they met the exclusion criteria indicated previously. In detail, the most frequent reasons for exclusion were as follows: absence of information about cognitive and academic performance and/or breakfast; information on consumption or frequency of breakfast, without extra details on energy intake or macronutrient composition of the available breakfast options; a fixed estimate of energy intake; several breakfast options, including no breakfast and $2 different breakfast meals, but with no available comparisons between alternative breakfast meals; other meals provided together with breakfast (eg, midmorning snack, evening meal, lunch, or a combination of meals), with no possibility to assess the individual contribution of energy or composition of each meal; breakfast options based on a combination of requirements on energy intake and number of "healthy" nutrients or foods consumed. Six additional articles were identified from manual searches of reference lists of selected original and review articles. Thus, 15 articles, providing information on 15 different studies were included in our systematic review. Of these, 3 studies provided information on the relation between cognitive and academic performance and energy intake at breakfast, 11 provided the same information for the macronutrient composition of breakfast, and 1 provided both aspects of the problem (Figure 1) .
Experimental and observational studies on the effects of breakfast on various performance variables are presented in Tables 1 (16-19 ) and 2 (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . The main characteristics of the 4 selected studies describing the relation between energy intake at breakfast and cognitive and academic performance are shown in Table 1 . The corresponding articles were published between 1990 and 2007; the studies were carried out in the United States (16) and in Europe, including Sweden and Denmark (17) , Spain (18) , and the United Kingdom (19) . All 4 studies recruited children and adolescents of either sex from local schools, including suburban (16, 17) and urban (18) schools. Two articles (16, 19) provided details on the mean SES of the families attending those schools; 1 article (16) chose to limit variability by using a ninth grade class from a school with a middle-class background, and the other (19) chose to include in the study schools from a range of socioeconomic areas. Moreover, 2 articles defined strict inclusion criteria on age range and on the presence of chronic BREAKFAST AND COGNITIVE PERFORMANCE The tasks were expressed in terms of both response or reaction times and accuracy (proportion, number of correct responses, or response rates).
3
Actual mean intakes for each treatment option.
4
The tasks were expressed in terms of both raw memory retention scores and derived remembering/forgetting indexes, calculated to control for individual differences in the total items recalled in the previous recall phase. 5 The GI values provided in the article refer to the cereal intake only, whereas the other information refers to the complete BF meal.
diseases or intellectual difficulties and dietary issues for the included subjects (16, 17) , whereas the other 2 (18, 19) did not. Three studies were based on an experimental design; two of them (16, 17) showed an independent group design (subjects were assigned at random to one breakfast option only) and the other provided repeated measures (subjects received each breakfast option) (19) . One study (17) was designed to alter the child's breakfast regimen at home.
Absolute values of breakfast energy intake varied from 12 (low-calorie breakfast) (16) to 536 kcal (mean value representing .20% of the recommended daily energy intake, for boys only) (17) . The ratio of breakfast to the overall daily energy intake was tested as ,10% compared with .20% (17), or as ,20% compared with $20% (18) , with values of w20% a priori indicating adequate breakfasts.
As for performance measures, one article assessed the effect of breakfast on academic performance using the Spanish version of a standard achievement test, the Scholastic Aptitude Test, and provided details on the overall test score and on single domains of verbal, reasoning, and calculation abilities (18) . The remaining articles considered different aspects of cognitive performance, referring to different tests. Overall, 2 studies assessed the effect of breakfast on attention and memory (16, 19) and the other 2 studies (17, 18) focused on math and reasoning abilities; a third pair of studies was on verbal learning (16, 18) . Two articles focused also on creativity (17) and impulsivity (16) .
A higher value of breakfast energy intake significantly improved creativity among boys only (mean: 536 kcal compared with 170 kcal, within this subgroup) (17) . A lower value of w100 kcal (compared with 133 kcal) allowed a limit of the natural decline of cognitive performance over time for accuracy (but not speed) of attention and secondary (but not speed of) memory, although this effect may have been mainly driven by the different values of glycemic index (GI) provided by the treatment options under comparison (19) . Moreover, in a different article from the United States, no significant differences in verbal learning/immediate memory, impulsivity, and sustained attention were found between 2 breakfast options of w10 and 400 kcal, respectively (16) . Concerning percentages of daily energy intake, a breakfast providing .20% of daily energy intake improved creativity significantly, but not math and logical and associate thinking, in a subgroup of boys (17) . Similarly, in the Scholastic Aptitude Test, the overall test score (measuring verbal, reasoning and calculation abilities) and logical reasoning scores were significantly higher for subjects consuming $20% of daily energy intake, after adjustment for age, sex, and school (18) . Finally, 2 of the selected studies were sponsored in whole (18) or in part (17) by industry.
The main characteristics of the 12 selected studies describing the relation between macronutrient composition of breakfast and cognitive and academic performance are shown in Table 2 . The articles were published between 1996 and 2012, and the studies were carried out in Europe (19-22, 24, 26, 27, 29, 30 )-mainly in the United Kingdom (19-22, 24, 26, 27, 29) -the United States (23) and Australia (25, 28) . A few studies were carried out by the same groups of researchers (21, 22, 24, 26, 27) ; one study (21) is indicated as study 1 in a more recent publication with an extended data collection and a different research question (22) and another study (26) was a pilot cross-sectional study of a more recent randomized controlled trial (27) .
Eight studies were conducted among children (19, 23, 24, (26) (27) (28) and adolescents (25, 29) recruited in schools or through public advertisement, whereas the remaining 4 included adults of different mean ages [w20 (21, 22) , 26 (20) , and 63 (30) y, respectively], which were examined in research laboratories.
The size of the study populations was limited, and studies were of short duration (,1 mo). Selected studies examined predominantly healthy, mixed-sex populations from general education. Four studies reported information on SES: some of them recruited children from low-(24) or middle-(23) SES families and another one recruited children from schools of different SES (19) . One study adjusted the statistical models for SES (26) .
Most studies were based on repeated-measures designs, and 6 studies explicitly stated that a crossover design was used (20, 23, (27) (28) (29) (30) , of which 4 specified randomization of subjects to the different treatment options. Seven of the selected studies considered isoenergetic breakfast options and provided a control over actual breakfast consumption, either checking that all food on the plates was consumed or recording percentages of uneaten food (20, 22-25, 27, 28) . Two studies were designed to assess the effects of isoenergetic breakfast options but did not explicitly provide information on actual breakfast consumption of the subjects (21, 29) . The remaining studies did not provide isoenergetic breakfast options of different composition (19, 26) or did not specify the energy content of the different breakfast treatments (30) . By design, available breakfast options included meals with a different fat and carbohydrate content (20) , with a different GI (19, 21, 25, 30) or glycemic load (GL) (24) , with a different GI and a fixed available carbohydrate content (22, 23, 29) , with different combinations of GI and GL (26, 27) , or with different combinations of GL and dairy products (28) . [Carbohydrate foods that are consumed in isoglucidic amounts produce different glycemic and insulinemic responses depending on the nature of the food (ie, ratio of amylose to amylopectin) and type and extent of food processing. The GI is a componentreferenced index able to capture the qualitative difference in the carbohydrate content of foods. The GL is derived from GI as GI 3 carbohydrate intake; therefore, it is a measure of both the quality and quantity of the carbohydrates and represents a measure of the dietary insulin demand (31) .]
As for cognitive and academic performance, domains under investigation included short-term (primary), long-term (secondary), immediate/delayed, verbal/spatial, and working memory (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) ; visual/auditory selective and sustained attention (19, (22) (23) (24) (26) (27) (28) (29) (30) ; related reaction time, speed of processing, visual information processing, perceptual speed, inspection time, and motor speed (20, 22, (26) (27) (28) ; verbal fluency (26, 27) ; and inductive reasoning (26, 27) . Corresponding tests varied greatly across studies, and number and schedule of test sessions varied also, with studies testing subjects either before and after breakfast (19, 20, 23, 28) or after breakfast only; the number of sessions per day ranged from 1 to 7 and had a maximum time interval between breakfast and the last test performed that ranged from 60 to 390 min.
Memory ability was significantly sensitive, to various degrees, to different breakfast compositions in 9 studies (19, (21) (22) (23) (24) (25) (26) (27) 29) . In detail, in 2 articles from the United Kingdom, a high slowly available glucose or low-GI breakfast enhanced the number of words recalled of a combined score of immediate and delayed memory in young female adults later in the morning, as compared with a high rapidly available glucose (or high-GI) meal (21, 22) . In another article from the same research group, no immediate/delayed or verbal/spatial combined memory effect emerged for breakfast treatments with a different GL from an ANOVA analysis, but an extra correlation analysis showed a significant improvement effect of a lower-GL breakfast in children for immediate (but not delayed) verbal memory (24) . Moreover, as compared with a high-GI breakfast, a low-GI breakfast significantly improved short-term memory, among girls only, in the backward digit span task, but no corresponding difference was found in the forward digit span task, or for spatial memory and immediate/delayed visual perception (23) .
In the pair of studies from the United Kingdom investigating the effect of both GI and GL, a high-GI breakfast significantly improved immediate (but not delayed) word recall (26), although results from the immediate and delayed word recall tasks were nonsignificant in the more recent study (27) . In the Serial Sevens task used in both articles, working memory was significantly better in the high-GL/low-GI breakfast option, with significant GI and GL main effects and interaction (26) , or in the high-GI breakfast option only (27) . In another article from the United Kingdom, both accuracy and response times to the Sternberg test assessing working memory were improved across morning after a low-GI breakfast, although for accuracy this was only evident on the more complex test level (29) .
Concerning memory under conditions of divided attention, although no significant differences emerged between the highand low-GI breakfast meals in the raw memory retention scores for free or cued recall phases at the short or long delay, a high-GI breakfast significantly improved the number of items remembered, at the long delay, for an extra analysis based on the remembering/forgetting indexes, which took into account individual differences in the total items recalled in the previous recall phase (25) .
Concerning long-term memory, in an article from Sweden and Denmark, the natural decline in secondary memory (as measured by a composite score) of children over time was significantly reduced after the intake of a low-GI breakfast, as compared with a high-GI breakfast (19) , although the same was not true in an article from the United States for the long-term recall of material previously learned during the spatial memory, visual perception, and verbal memory tasks (23) .
On the opposite side, no significant effect was detected for free word recall and all breakfast options differing in fat and carbohydrate contents (20) , for speed of memory and working memory and breakfast options with a different GI (19, 30) , and for short-term or working memory and different breakfast combinations of GL and dairy products (28) .
Attention was influenced by different breakfast compositions in 7 articles (19, 23, 24, 26, 27, 29, 30) , whereas only 2 showed nonsignificant results concerning sustained attention and different slowly available glucose or rapidly available glucose breakfast meals (22) , and attention switching and different breakfast combinations of GL and dairy products (28) . In detail, a low-GI breakfast could reduce the natural decrease in accuracy of sustained attention of children over time, although the same was not true for speed of attention (19) . Similarly, a low-GI breakfast significantly improved the number of hits or misses of an auditory sustained attention test in 6-8-y-old children (but not in 9-11 y old children), although no significant differences emerged for the number of false alarms or the reaction times for the same task or for visual sustained attention (23) . Moreover, a study from UK showed that children who had consumed a low-GL breakfast (as compared with a medium-or high-GL breakfast) had significantly increased time spent on task in the first 10 min of school work and were less likely to display lapses in attention for the ability to sustain attention when a 12-s delay was tested for a second time (24) . In 2 studies from the same research group (26, 27) , the time of completion in the Stroop selective attention task was significantly lower in the high-GL/ high-GI breakfast for the latter article (27), but was not different for the former one (26); the number search task for speed of information processing/selective attention was better with a low-GI or a high-GL breakfast in the former article (26), but improved for a high-GI breakfast only in the latter article (27) . Finally, 2 articles investigated explicitly selective attention in terms of both the number/proportion of correct responses and reaction or response times (29, 30) . The article from Sweden (30) showed that a low-GI breakfast significantly improved accuracy, compared with a high-GI breakfast, over the 75-225-min test period, when only the most demanding part of the test was considered, or during the second day of testing. However, no significant difference depending on breakfast was observed in reaction times for selective attention (30) . Similarly, the article from the United Kingdom showed that accuracy in the Stroop and Flanker tests improved across the morning after a low-GI breakfast, as compared with a high-GI breakfast. For the Flanker test, this was only evident on the more complex test levels; however, for the Stroop test, this was also evident overall (29) . Response times were nonsignificant for the Flanker test, but improved overall with a high-GI breakfast in the Stroop test (29) .
Moreover, the number of words of the word-generation task for assessing verbal fluency increased significantly after the intake of a low-GI breakfast in 1 (27) of the 2 articles assessing this domain, but not in the other (26) .
Overall, data were less supportive for the effects of breakfast composition on other cognitive variables, such as inductive reasoning, speed of processing, visual information processing, perceptual speed, motor speed, and reaction time (here intended as a direct measure and not as a proxy for a more complex cognitive function such as attention). Finally, 4 selected studies were sponsored in part (22, 24, 27, 28) by industry.
A summary of the findings on the relation between the amount of energy intake at breakfast, breakfast composition, and cognitive and academic performance-grouped by broad cognitive modality (row) and research question (column)-is shown in Table 3 . Specific domains of interest are reported in separate rows, including also for reference the original terms provided in the corresponding articles. Significant and nonsignificant results are reported in separate columns. In the following, we comment only on the constructs that were investigated in terms of both amount of energy intake and composition in the selected articles. For the remaining constructs, we refer the reader to the comments to Tables 1 and 2 . With the exception of the combined score of immediate and delayed memory (21, 22) , this construct was only partially affected by different amounts of energy intake at breakfast or breakfast composition. Nonsignificant results were equally distributed between long-term (secondary) (23) and working memory (19, 28, 30) , whereas they were the
TABLE 3
Summary of findings on the relation between amount of energy intake at breakfast/breakfast composition and cognitive and academic performance, grouped by cognitive domain (row) and research question (column) Better with low-GL BF under certain conditions (24) Different fat/CHO BF and no BF (20) Better with low-GI BF under certain conditions (23) Different GL/GI BF (27) Better with high-GI BF, but nonsignificant GI and GL interaction (26) Different GL/dairy products BF (28) Different GI BF and no BF (23) Verbal short-term memory with secondary motor task Better with high-GI BF, but nonsignificant GI and GL interaction (27) Different GI BF (19) Better with low-GI BF under certain conditions (29) 5 Different GI BF (30)
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Better with low-GI, with high-GL BF, and with high-GL/low-GI BF (26) Different GL/dairy products BF (28) Delayed Better with high-GI BF, but nonsignificant GI and GL interaction (27) Better with low-GI BF, under certain conditions (30) Better with low-GI BF, overall and under certain conditions (29) Selective attention-reaction time/completion time 8
Better with high-GL/high-GI BF (27) Different GI BF (30) Better with high-GI as with the Stroop test (29) Different GI BF as with the Flanker test (29) Different GL/GI BF (26) (Continued) Better with high-GI BF, but nonsignificant GI and GL interaction (27) Different GL/dairy products BF (28) Better with low-GI BF and with high-GL BF, but nonsignificant 
Fluency
Better with low-GI BF, but nonsignificant GI and GL interaction (27) Different GL/GI BF (26) majority in the short-term memory construct (16, 20, 23-25, 27, 28) and dominated in the delayed-memory construct (23) (24) (25) (26) (27) . When a significant relation was identified, this was generally related to low glycemic response treatments (19, 21-24, 26, 29) , although with a few exceptions. Attention was generally improved by adequate breakfast meals. Sustained attention might improve consistently with low-GI or low-GL interventions under specific conditions (19, 23, 24) , but the evidence was not so strong (19, 22, 23) . Moreover, 2 breakfast options of extremely different amounts of energy intake were not significantly different in terms of performance (16) . Neither different amounts of energy intake nor different combinations of GL and dairy products had a significant effect on learning, as consistently measured by the Rey auditory-verbal learning test in 2 articles (16, 28) . Finally, data were inconclusive for the effects of breakfast on reasoning and verbal abilities (17, 18, 26, 27) .
DISCUSSION
To our knowledge, the current review was the first to collect recent evidence on the role of the amount of breakfast energy intake and breakfast composition on various measures of cognitive and academic performance. Although nearly 100 articles were identified from the search strategy, only 15 were included in the systematic review. Of these, the articles concerning the optimal amount of energy intake at breakfast were published at a constant rate from 1990 onward, showing a constant but limited interest for this issue over time. The articles on breakfast composition were definitely more recent, except for the pioneering work by Lloyd et al (20) , and indicated an increasing interest for breakfast meals that differ in GL, GI, or both (10) .
These numbers prevent any definite conclusions. Moreover, although we established strict inclusion criteria and reported detailed ancillary information on the selected studies, in general, we acknowledge that the current review suffered from severe heterogeneity and inconsistency in research designs, interventions, and statistical analyses and should therefore be intended as a preliminary attempt to understand which information the literature provides on 2 crucial but definitely difficult issues.
Although all the included studies were carried out in wellnourished subjects from developed countries, some heterogeneity emerged about the age of the participants. Four studies recruited adults, with a strong difference in mean ages between them (20) (21) (22) 30) . The remaining studies recruited schoolchildren and adolescents; the studies included one class of the school only/ parallel classes (16, 17, 23, 24) and the other studies recruited classes over the entire course (19, 25, 27, 29) .
The predominance of studies on children and adolescents reflects the evidence that these categories may be particularly vulnerable to the nutritional effects of breakfast on brain activity and associated cognitive and academic outcomes. Children and adolescents have a higher metabolic rate of glucose utilization and higher average cerebral blood flow and oxygen utilization as compared with adults (32, 33) . Moreover, their higher sleep demand corresponds to longer overnight fasting periods, which can deplete glycogen stores overnight (34) . Breakfast consumption may therefore provide a continuous supply of energy (and selected nutrients) to modulate the short-term metabolic responses to fasting conditions. It may also provide long-term effects, including an improved nutrient balance and distribution, 1 BF, breakfast; CHO, carbohydrate; EI, energy intake; GI, glycemic index; GL, glycemic load; RAG, rapidly available glucose; SAG, slowly available glucose.
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The Rey auditory-verbal learning test assessed both verbal learning and immediate verbal memory. Therefore, we reported its results in the corresponding 2 rows of the table, as indicated by Rampersaud et al (1) . In the article by Smith and Foster (25) , verbal memory was assessed with a simultaneous secondary motor task, so under conditions of divided attention. Therefore, we presented its results in a separate row in the verbal memory section. However, the article did not provide the corresponding results for the motor task. Moreover, the tasks were expressed in terms of both raw memory-retention scores and derived remembering/forgetting indexes, calculated to control for individual differences in the total items recalled in the previous recall phase. Although the article did not provide any detail, the statistical analyses for the 2 outcome measures were probably different, with the latter analysis including one time or delay effect allowing for comparisons between short-and long-delay results. Therefore, we separated the corresponding results on verbal memory in the short-term (immediate and short-delay) and delayed sections. Because results from retention scores and remembering/forgetting indexes were inconsistent at the long delay, we summarized them in 2 separate cells. In the article by Mahoney et al (23) , the so-called spatial memory and visual perception domains both belonged to the visuospatial memory category. Both of them were assessed at the level of short-and long-term memory and then contributed to both immediate/short-term and long-term memory categories. Results for short-term memory were consistent across these domains; therefore, we included them in the same cell. Results on long-term memory for visual perception and spatial learning were also consistent with those of a verbal memory test. Therefore, we included the information on long-term memory from the 3 tests in a single cell. Visual perception was also assessed as a delayed recall and then contributed to the visuospatial delayed memory category too.
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The tasks were expressed in terms of both response or reaction times and accuracy (proportion or number of correct responses), but results were consistent and we therefore summarized them in one cell only.
6
The article by Ingwersen et al (19) assessed cognitive performance, referring to the selection of tests from the Cognitive Drug Research computerized assessment system and adopted its cognitive assessment factor scores. These are combined scores obtained from individual measures derived from simpler tests. Whenever they did not seem to us to be comparable with the simpler test measures provided by the other articles, we put them in a separate row. In the article by Micha et al (27) , the number search task assessed both speed of information processing and selective attention; therefore, we reported its results in the corresponding 2 rows of the table. In the article by Brindal et al (28) , speed of processing was a composite measure based on the responses to different reaction time tasks. In the article by Cooper et al (29) , selective attention was assessed by using both the Stroop and the Flanker tests. When results were consistent, we reported them in 1 cell; otherwise, we filled in 2 cells and indicated from which test the result came.
9
Although reaction time is commonly used as a dependent variable in many tests of cognitive function, some studies include direct measures of reaction time. In this case, reaction time is not a proxy measure for a more complex function.
10
Mean intakes for each treatment option and sex.
11
The article by López-Sobaler et al (18) considered both an overall score measuring verbal, reasoning, and calculation abilities and its single domains. Here, we presented results for the single domains only.
which may positively affect cognitive processes (7) . Moreover, other mechanisms, such as hunger alleviation (35, 36) and changes in neurotransmitter concentrations (7), may play a role. A few studies selected habitual breakfast eaters (18, 20, 26, 27) , whereas most did not. Even in the former case, the studies do not generally provide details on how regular breakfast consumption is defined and do not use this information in the definition of the interventions or in the statistical analysis.
Heterogeneity and little consistency between studies dominate the definition of the cognitive and academic performance measures under comparison. Two studies reported results from a single standardized test assessing several constructs simultaneously (18, 19) , with one of them (18) providing an overall score. The remaining studies considered separate tests for the constructs under examination, but sometimes the same construct was measured according to different indexes (16, 23, 24, 29, 30) or tests (16, 23, 26, 27, 29, 30) . Moreover, only one of the included studies (27) carried out a pilot study to assess the validity of the cognitive test on a comparable population. The heterogeneity in the age of the selected subjects, together with the different experimental settings, may be responsible, in part, for the heterogeneity detected in the tests used. To improve the comparability of the studies, an accurate reclassification of the cognitive and academic measures used is shown in Table 3 .
Although most of the included studies examined breakfast interventions and were of short duration, some heterogeneity exists in the type of interventions offered. Differences exist in terms of foods included in the standard treatment options. Considering breakfast composition, one study developed a low-GI bread product that resulted in a specific course of glycemic response (30) , whereas the others considered complex breakfast meals including more than one food. Of the latter studies, 5 examined cereal breakfast meals differing in GI content. Two studies simply compared the same amount of different types of cereals and semiskimmed milk (19, 25) , whereas a third study kept the amount of carbohydrates fixed in the interventions and varied the amount of cereal (23) . Similarly, 2 studies compared biscuits and different types of cereal bars with a fixed carbohydrate content (21, 22) . A study from the United Kingdom just added muesli and apple juice to cornflakes and milk to get a 2-fold difference in GL between the high-and the low-GL meals and a 1.3-fold difference between the low-and the high-GI meals (27) . To have meals differing in GL, a first study from the United Kingdom combined several foods, including milk, cornflakes, eggs, jam, yogurt, ham, cheese, and bread (24) . Similarly, a second study from the United Kingdom adds to milk combinations of various foods differing in GI, to obtain meals with a fixed carbohydrate content (29) , whereas a third study from New Zealand replaced high-GI carbohydrate foods with dairy-protein foods (28) . Other interventions consisting of bread rolls with margarine and jam and a milkshake showed that the fat and carbohydrate contents of the meals varied from 27% to 56% of energy from fat and 62% to 34% of energy from carbohydrate (20) . Moreover, differences existed between studies that provided isoenergetic breakfast options (20, 23, 24, (27) (28) (29) and studies that did not.
Only a few studies acknowledged the importance of potentially relevant confounding factors such as SES (16, 18, 23, 24, 26) , anthropometric measures (16, 22, (25) (26) (27) 30) , and physical activity levels (26) , although these factors may have a substantial effect on individual performance beyond the terms of the observation period (37) . In particular, there is well-established evidence that SES is a central determinant of academic performance and cognitive ability (38) . At the same time, there is consistent evidence that SES is associated with breakfast eating habits and consumption of "healthy" items at breakfast (eg, fruit, bread, cereals, and milk), and children from higher-SES backgrounds were more likely to regularly eat breakfast and to eat healthy items (39) . Similarly, limited attention was generally devoted to fix and report inclusion and exclusion criteria, including intellectual and learning disabilities, chronic diseases, overweight and obesity, and dietetic regimens. Together with an accurate selection of the sample of interest, solutions to deal with this issue include preliminary checks of the distribution of the relevant factors within the breakfast options under comparison and/or adjustment in multiple regression and ANOVA models. However, only 2 studies referred to quantitative criteria for assessing intellectual difficulties and/or SES and checked that breakfast groups were fairly similar according to these aspects (16, 24) . Four studies adjusted the statistical models for variables other than age and sex (18, (26) (27) (28) , but only one of them adjusted the models for a measure of SES (26) .
Although most experiments have examined cognitive behavior at only one time point after breakfast (6), information is now generally available on the time course of the effects of breakfast on behavioral measures. In the current review, most selected studies were based on multiple testing sessions for each cognitive test and treatment option, even allowing for testing subjects more than once after breakfast on the same day. This provides an indication of a higher quality of the more recent studies. However, the different time intervals between breakfast and testing sessions, even for the same domains under investigations, still prevents a fair comparison between studies. This may reflect a difference in the specific research questions of the articles or a still limited knowledge of the mechanisms linking breakfast to cognitive performance in the early and the later postprandial phases (28, 30, 40) . Moreover, the short duration of the included studies was another limitation that prevented the possibility to control for different rates of emotional and neurological maturation and longer-term feasibility and benefits.
In conclusion, there was insufficient quantity and consistency among the studies to draw firm conclusions on the relation between the amount of energy intake at breakfast and breakfast composition and cognitive and academic performance. The working hypothesis of a better and more sustained mental performance with breakfasts providing $20% of daily energy intake still needs to be substantiated. Despite a few inconsistencies, some evidence suggests that a lower postprandial glycemic response is beneficial to cognitive performance. However, it remains unclear whether this effect is specifically due to GI or GL solely, or to both (the recommended approach), or to other effects unrelated to glycemic response. Moreover, even after control one for the other, it remains unclear whether GI-or GLbased breakfast meals selectively facilitate different cognitive domains.
Future research should generally benefit from carefully designed studies based on selected populations of interest and that adopt standardized tests of cognitive performance scheduled at different time points and that accurately control for confounding factors. For studies that assess the effect of breakfast composition, we recommend the comparison of isoenergetic breakfast interventions that differ in a single nutrient component, when possible, to provide more effective and sound messages of public health.
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